Abstract-Children with Autistic Spectrum Disorder (ASD) have marked impairments in social interaction. Imitation is a basic social interaction behavior, and mimicking as an element of imitation can be a diagnostic marker for autism and thus a skill that can be targeted by behavioral training. In a comparative study between children with and without autism (n=20), we designed a test that aims to find differences in mimicking expressiveness in a real-life setting. The Wii boxing game was chosen as an environment that can trigger expressiveness in children. Two measures were chosen to rate expressiveness: using observers and using a Microsoft Kinect 3-D camera in combination with motion analysis software. Results from the software tool show that the ASD-group is not influenced by the expressiveness of a confederate, while the control-group is. These results suggest that autistic children do not mimic expressiveness in gameplay and that this can be detected using a software tool.
I. INTRODUCTION
Mimicry is a social act that refers to the tendency to imitate facial, vocal, postural and movement expressions of the people with whom we are interacting (e.g. [1] ). It contributes to a shared feeling of empathy and rapport [2] , affiliation [3] , and leads to emotional convergence. This is of critical importance to understanding human cognition, emotion, and behavior [4] , but also to establishing successful communication. Studying the differences in mimicking by autistic and typically developing children might be beneficial in understanding some aspects of human communication and in social training of autistic children. Mimicking the expressiveness of body movements in a natural setting such as games [5] , [6] is appropriate for such a study.
Children with Autism Spectrum Disorders (ASD) have marked impairments in social interaction and communication skills and have great difficulty in performing tasks that require initiation of and responding to social actions, such as imitation, turn taking, and collaborative (joint) action. Imitation is a basic social skill that helps forming other social interaction and communication behaviors, such as collaborative actions and speech. Mimicry relates to imitation and the Chameleon effect [2] . While imitation refers to the conscious act of repeating goal-directed actions, to possibly achieve a similar goal, mimicry and the Chameleon effect are repeating/adapting to other persons' actions without the aim to achieve the same goal. While in mimicry could be some intentionality, the Chameleon effect [2] is the passive and non-conscious act of an observer adapting his or her behavior, facial expressions, postures, vocalizations or movements to become similar to those of another person, even if there is no established relationship or interpersonal goal [2] . Therefore mimicking has a rather social than communication or instrumental goal and studying of mimicry should be in a setting where emotional expressiveness is possible.
Although autistic children are known not to be able to imitate [7] , [8] , Aldridge and colleagues [9] conducted experiments that showed that autistic children did imitate the goal of an action very well. Other studies [10] , [11] showed that although the children can imitate the goal of an action, they would either fail on mimicry, or they fail at imitation proper, i.e. the imitation of both: the means and the goal of an action.
Mimicking facial expressions has been investigated in many studies. In Rogers et al. [10] , children and adolescents (n = 17) with ASD aged 11 to 21 showed trouble in voluntary mimicking compared to typically developing participants. In McIntosh et al. [11] ASD participants (n = 14) aged 13 to 64 were shown not to automatically mimic facial expressions, something control participants did do. Although difficulties of voluntary movement have also been found, such as in [10] , later research only shows effects for involuntary mimicking and not voluntary imitation [11] . This leads Hamilton [7] to propose a model that explains why autistic children can emulate goal-directed gestures but fail on mimicry tasks.
Differences in facial and gestural mimicry and voluntary or goal-directed imitation between autistic and non-autistic children have mostly been tested in laboratory settings, instead of more natural environments and situations [8] . There are however studies on imitation of movements by autistic children within games, see Brok and Barakova [12] . Mimicry, intentional or not, in most of the cases signals for some emotional connection, which is anyway unnatural to express in laboratory testing.
To find out how autistic children will behave in more natural conditions, we designed an experiment in which autistic and typically developing children play a game together with a confederate, who uses different levels of expressiveness in her movements. There is a lot of evidence that adults and children who do not have ASD will engage in mimicking [13] , [14] , [15] and we would like to find out whether there is a difference in the mimicking behavior of typically developing and autistic children in a game setting, where expressing emotions and establishing an emotional connection are natural. We initially intended to investigate the differences in unconscious mimicry (Chameleon Effect) by autistic and typically developing children, but there might be an effect of on-purpose mimicry (e.g. to please the confederate), so we focus on mimicry instead.
We chose for a more natural setting as the gaming environment provides, instead of asking the children to do certain behaviors which they would not want to do normally. In a game aiming at teaching turn taking skills to autistic children, imitation of movements to achieve a different game goal was observed by Brok and Barakova [12] . In the current setting we want to find out whether the autistic children will mimic the expressiveness in body movements or adapt to the playing style of the confederate differently than typically developing children when they are acting in an engaging game. We measure expressiveness both by human observations and automated movement analysis based on motion-capture data gathered from a Microsoft Kinect 3-D camera.
This paper is organized as follows. In section 2, the used methods and the experimental setting are described. Section 3 shows the major quantitative results. Section 4 summarizes the findings from this study and discusses their place in the related research lines.
II. METHODOLOGY
In the present study mimicking expressiveness in a game setting is being researched, where expressiveness is defined as enthusiasm in movement. A high level of expressiveness is characterized by large movements of the body and arms, and voice sounds, whereas a low level of expressiveness is defined by small arm-movements and a standing still position. To test this a set-up was chosen with a two-player game, where one player was the confederate and the other was the participant. The experimenter alternated his playing style to have either a high or a low level of expressiveness. The game was played on the Nintendo Wii console, as the games on this device can be played equally well with large or small movements, and the expressiveness of play has no influence on the quality of play. The requirements for the game were that it could be played by two players concurrently, that the rules of the game were easy to understand, and that different levels of expressiveness could be used by the experimenter while playing, without jeopardizing the nature and goal of the game. After testing multiple games in the Nitendo Wii, the "Wii Boxing" game was chosen since it best fit the requirements. This game, in general, involves a quite active attitude and broad body movements, nevertheless it can also be played by only moving the lower arm and assuming a quite static position.
A. Participant groups
Eleven children with autism participated in this research (aged 7 to 12, median: 10, 10 male, 1 female), as well as nine typically developing children (aged 6 to 11, median: 8, 5 male, 4 female). Seven participants in the group with ASD were diagnosed with classic autism, four participants with Pervasive Developmental Disorder Not Otherwise Specified (PDDNOS). Due to technical difficulties during the recording of a participant's movements, the data of one participant from the ASD-group had to be discarded.
B. Experimental set-up
The experimental set-up (see also Fig. 1 ) consisted of the Nintendo Wii-console and two controllers for this device.
The participants' movements were recorded using a Microsoft Kinect 3-D camera connected to a laptop running the motioncapture software Brekel Kinect 1 . Furthermore, a laptop with a video-conferencing tool (Apple iChat) was used to show the participants' movements to two observers situated in a different room. The participants were unaware of the videoconferencing, as not to influence their movements. Present in the experiment room were the experiment-leader, an operator for the Microsoft Kinect and the confederate.
Before the experiment, the participants were told they participated in research in improving the Wii-console and they were informed that they could stop at any time. Furthermore, the participants were told they could move freely, but not cross the lines that were marked on the floor (see figure 2) . The children were asked if they were right-handed or left-handed and were given a character that matched their handedness. The game automatically increases the 'level' of a character after each game, this levelling effect was also controlled for. The participants played six games on the console: two training rounds and four games against the confederate. In the first training round the participants could get used to playing with a Wii: instead of boxing against a player the participants had to hit virtual sandbags. In the next training round the participants 'fought' against a computer player, to familiarize themselves with boxing in the virtual ring. During the last four sessions the participants played against the confederate. The confederate alternated playing with low or high expressiveness according to a predefined schedule. The confederate made sure that each game was won by the participant.
C. Measures
Two measures were used to record the expressiveness of participants in this study: 1) A measure calculated from observed behavior 2) An objective measure using motion capture technology 1) Expressiveness from observation scheme: For each individual session (two training sessions and four participant versus confederate sessions) two observers filled in an observation scheme. The observation scheme consisted of seven behaviors:
1) "Upper and lower arm movement (UAL)" 2) "Only lower arm movement (OLA)" 3) "Standing still (SS)" 4) "Moving back and/or forth (MBF)" 5) "Dodging (DOD)" 6) "Making a noise (MN)" 7) "Looking at confederate (LAC)"
The behaviors were coded binary (either the behavior was present or it was not), in five second slots. A computer program would indicate an observation slot to the observers, during which they could also hear the sounds from the experiment room. After each observation slot there was a ten second A single expressiveness measure was calculated from the before mentioned behaviors. This measure is calculated by adding per session all behaviors that indicate expressiveness (UAL, MBF, DOD, MN and LAC), subtracting all behaviors that indicate non-expressivenss (OLA and SS), and dividing the result by the total number of observations for that session.
Thus, the definition for the calculated expressiveness measure (CE i ) is as follows:
Where i is the session-number.
2) An objective measure for movement expressiveness:
Among the existing techniques for movement analysis, Laban movement analysis (LMA) [16] , [17] , [18] is the only method suitable for describing the expressive (qualitative) features of the movements and posture. LMA is a qualitative method that takes into account the kinematic and the non-kinematic features of movement. Attempts to quantify the measures provided by Laban were done in [5] , [6] where the results of the computer estimates of the expressiveness of movement were verified by 2 independent certified movement analysts. In [5] , [6] the authors conclude that a simple measure based on the amplitude and acceleration of the movement is sufficient for a rough estimate of 4 distinctive expressive movements.
In the present study, expressiveness is defined as enthusiasm in movement, which is a quality that is easily perceived by human observers. Since this study is focused on mimicking expressiveness in physical gaming situations, a simplified objective measure of expressiveness was established according to the study goal. Therefore, the expressiveness in this game setting is perceived as an area of movement per time period (or the product of speed-of-movement and length-of-movement) of a player, which comes close to the empirically confirmed measure in [5] and [6] .
Microsoft's Kinect sensor device and the Brekel Kinect motion capture software were used to capture the player's motion. In Brekel Kinect, the player's body is mapped onto a skeleton model with 18 joints (see Fig. 3 ), for which the Kinect sensor records the 3D coordinates. When a player is playing a game, his or her joints' coordinates are continuously tracked at a rate of 30 times per second. From those recorded coordinates, the level of expressiveness per captured frame is calculated as an average value of multiplication between speed of movement and distance of movement for each joint:
To validate this choice for the particular movements, an experiment was conducted in which 42 independent observers were asked to rank from 1 to 4 (where 1 corresponded to lowest level of expressiveness and 4 to the highest level of expressiveness) the expressiveness of a person playing the "Wii Boxing" game in four videos. The four videos show the person playing in the following conditions: 1) Low speed and small movements 2) Low speed and large movements 3) High speed and small movements 4) High speed and large movements The four playing sessions had also been recorded with the Kinect and corresponding expressiveness ratings had been calculated from this data. The objective 'base ranking' calculated from the Kinect data was compared to the ranking provided by the human observations. Results of the experiment show that 55 percent of the observers ranked the expressiveness of the videos equal to the ranking calculated from the Kinect's data. However, as the expressiveness values calculated from the Kinect data for conditions 2 and 3 (low speed with large movement, high speed with little movement) were almost equal, the observers' rankings for which the 2nd and 3rd video were ranked opposite to the base ranking were also considered. Under this consideration, the reliability of this objective measure is about 71%.
The reliability of the measure was found sufficient to include it in the actual experiment that compared mimicking behaviour between children with autism and typically developing children.
III. RESULTS

A. Inter-observer reliability
The interobserver reliability was checked for the observed behaviors, using Pearson Correlation, see tables I and II. For the analysis we only considered those movements where the reliability was at least large according to [19] (where large is r > .50). This meant that the behaviors "Only lower arm movement", "Making a noise" and "Looking at confederate" were removed from the CE measure and not used for further analysis. The Pearson Correlation for all movements excluding the three aforemetioned movements is well over 0.5, and is thus considered to be large [19] . The calculated expressiveness measure that has been used for the remaining analysis is thus redefined as:
B. Influence of confederate expressiveness on participant
It was expected that participants in the control condition would be influenced by the difference in the confederate's expressiveness (for the condition 'active' and 'non-active'), and that there would be no difference for the experiment condition. The influence of the confederate's expressiveness on that of the participant was measured by the two measures described before (Calculated Expressiveness and Kinect Expressiveness). For each of these measures the difference between the active and non-active condition was tested using a two-sided T-Test. For both the experimental and the control group no significant difference between the two conditions could be found for the Calculated Expressiveness measure (see Table III ). However, the Kinect Expressiveness measure showed a significant difference between the two conditions for the control group (see Table IV ).
IV. DISCUSSION
We performed an experiment that searches to establish the differences in mimicking of expressiveness of movements between autistic and typically developing children in a natural setting. There has been extensive discussion in the scientific literature over the imitative abilities of autistic children [20] , and some fine-grained experiments have shown that autistic children can imitate the goal of the movements but not in imitation of non-instrumental movements. Based on these findings we hypothesized that the autistic children will engage less or not at all in mimicking of the expressiveness of the movements, and therefore designed an experiment that might confirm this hypothesis and eventually give a more detailed understanding of the problem. Differently from the existing studies, we designed an experiment in which the children are predisposed to behave naturally: autistic or typically developing children were playing a Wii game together with a confederate who was adding or not emotional expressiveness in her movements, and she was always within the visual field of the children. Our results showed that typically developing children engage significantly more than autistic children in mimicking the expressiveness of the movements of the confederate in game play, as measured by the Kinect tool. No significant difference was found on the basis of the values scored by the human observers and further calculated by the measure that was proposed in the paper. The difference between the two measuring methods (with human observers and the Kinectbased method) can be interpreted in the following way. While the expressiveness estimated by Kinect tool is based on the displacement in all the joints, the human observers score only the presence or absence of the chosen movements and behaviors that were selected as representing expressiveness in this particular game. Furthermore, the observations were done in a non-continuous manner and two thirds of the participant behaviors were not observed: the observation slots were only five seconds versus ten seconds notation time.
Expressiveness is related to emotional load of the movement and [21] suggests that emotion or expressive power in movements can be described as a superposition over the natural movement trajectory. Therefore the chosen scoring method for the human observers cannot capture these differences objectively. In a previous study [6] on expressiveness of movement the values measured by human observers and the computer method were coherent. In this study the human observers were certified movement analysts (CMA), who are especially trained to recognize expressiveness in movement by using a Laban movement framework. In addition, [22] showed that computer methods are better in human emotion recognition than untrained observers. We have to mention some small differences in matching the two groups that took place in the experiment. The autistic children were on average 2 years older than the control group, and we do not have exact data about their mental age. In the control group there was equal distribution of boys and girls, while the autistic children were predominantly males. The chosen boxing game might be more emotionally triggering for boys. In addition, the confederate was visibly pregnant during the control test, although this did not restrict her movements and young children would probably not find this condition restricting the expressiveness of the movement.
Our overall conclusion is that the study gives a clear indication that autistic children mimic less in the experimental setting that provokes close to natural behavior of the children. In naturalistic game environment, the mimicking is not approached as a learning skill, but as a social skill. Therefore, game settings can be used to establish and teach social reciprocity. Further controlled experiments in realistic settings such as games are needed to confirm this outcome and find ways for engaging the children in socially rewarding interactions.
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